SUMMARY Evidence linking the beneficial effect of dietary polyunsaturated fat on systolic and distolic blood pressure is reported. Under controlled dietary conditions, i.e., when the polyunsaturated fat to saturate fat ratio (P/S) is maintained at about 1.0, with fat providing 25% of total energy intake, blood pressure is significantly lowered in healthy males and females in the 40-to 60-year age group. The subjects selected for these studies were either normotensive or mildly hypertensive. When the subjects resumed their usual diets, their blood pressures reverted to baseline values. Body weights of the subjects remained relatively constant in these studies, and sodium chloride intakes averaged 8 to 12 g per day. It is suggested that the lowering of blood pressure by dietary linoleic acid is mediated through prostaglandins. 
T HE general effects of dietary sodium on blood pressure have been studied.'-2 Few investigators, however, have sought to explain the effects of other dietary components on blood pressure. 3 " 8 Complex mechanisms are involved in the excretion of end products of metabolism by the kidney. In recent years, prostaglandins have been identified as participating in these mechanisms. Prostaglandins, in part, serve as biological mediators for the excretion of salt and water from the kidney. 9 "" Prostaglandins are synthesized from arachidonic acid, 12 n and the major precursor of arachidonic acid is dietary linoleic acid. 14 Saturated and polyunsaturated fats have also been implicated in experimental studies related to thrombosis in man 1516 and animals. 151718 In these studies, saturated fat adversely affected blood clotting and platelet aggregation while polyunsaturated fats improved these parameters. In making a comparison of platelet lipids of three populations, 1920 it was shown that, depending on the type of fat eaten, the fatty acid composition of platelet phospholipids could be modified to reflect dietary fat. Similar findings were observed in animal studies. 21 " 23 Epidemiological studies suggest that dietary fats might be a factor predisposing to both arterial and venous thrombosis, since it has been reported 24 that only populations susceptible to cardiovascular disease present a high incidence of thrombosis.
With a view toward investigating the relationship between dietary fat and blood pressure, the studies reported here show a significant effect on blood pressure after feeding high polyunsaturated to saturated (P/ S) fat diets to healthy people.
Selected data obtained from three experimental nutrition studies conducted at Beltsville, 5 ' 25> 26 a pilot epidemiological study 19 and a pilot dietary intervention study, 27 will be presented. These studies involved healthy subjects aged 40 to 60 years who were freeliving, i.e., their lifestyles were unchanged except for their dietary regimens. All foods were weighed and measured to give actual intakes. All diets contained adequate vitamins and minerals to provide the recommended dietary allowances.
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Diet Composition
The foods in these diets were commonly available in supermarkets and consisted of meats, poultry, and fish along with a variety of fresh fruits and vegetables, cereals, pasta, and other grain products. The diets were intended to be typical of the USA, and their nutrient compositions were calculated (table 1) . Calories from carbohydrates were substituted for calories from fat when the diet provided 25% of total energy as fat. The protein level and general composition of the diet were similar in both experimental periods. Sodium chloride (NaCl) intake averaged 9.2 and 10.3 g/day for the 25% and 35% fat-calorie periods, respectively, and are typical of the salt content of diets in the USA.
The energy content of the diets fed each subject approximated that estimated from the 7-day dietary history. If body weight changed, food intake was adjusted in 400-calorie increments to maintain body weight. 
Blood Pressure
In this study, no attempt was made to select the subjects on the basis of blood pressure. For both males and females, systolic and diastolic blood pressure declined during the 25% fat-calorie period (p < 0.05) but changed only slightly during the 35% fat-calorie period ( fig. 1 ). Systolic and diastolic pressures were higher in males than in females. Systolic and diastolic blood pressures declined about 12% for males (p < 0.025) compared to a 5% decrease for females during the study. Systolic pressure remained relatively constant throughout the 35% fat-calorie period, whereas the diastolic pressure increased slightly. During the follow-up period there was an overshoot of diastolic pressure for both males and females while systolic pressure approached the initial levels.
Study 2
Study 2 consisted of three periods with a crossover design. 25 A 7-day dietary history of food intake of each subject was recorded. The first 21 days was a stabilization period when all subjects consumed a 44% fatcalorie diet with a P/S ratio of 0.3. Two 30-day periods followed. Ten "hypertensive" subjects (diastolic blood pressure > 88 mm Hg) were given a 25% fatcalorie, P/S 1 diet for 30 days, while 10 "normotensive" subjects (diastolic blood pressure < 88 mm Hg) continued on the 44% fat-calorie diet P/S 0.3. Then, the two groups of subjects were switched from one diet to the other. 
Diet Composition
The composition of the diets and the menus were similar to those used in Study 1 (table 2) , but some foods, especially eggs and dairy products, were added to increase the fat content to 44% and to maintain the P/ S ratio of 0.3.
On both diets, total daily NaCl intake was about 10.5 g. During the stabilization period, however, salt was provided in weighed shakers and used ad libitum. The subjects consumed less salt during the stabilization period than during the two dietary periods. Body weights did not change significantly during the study.
Blood Pressure
For the "hypertensive" group, systolic blood pressure declined significantly (b = -0.6621) during the second half of the 25% fat-calorie period ( fig. 2 ). When these subjects were placed on the 44% fat-calorie diet, however, systolic pressure increased at a significant rate (b = + 0.7301) to almost the initial level within the first 15 days of the second period and then tended to plateau.
For "hypertensive" subjects, diastolic blood pressure also declined at a faster rate (b = -0.5515) during the second half of the 25% fat-calorie period. Diastolic pressure of this group increased at a significant rate (b = + 0.5547) to the initial level during the first half of the 44% fat-calorie period but declined (b = -0.4288) during the second half of the high-fat diet period. Throughout the study, neither systolic nor diastolic pressure changed significantly for the "normotensive" group.
Study 3
In Study 3, four groups of male subjects were fed natural diets having two fat-calorie levels, 43% and 25%, and each level was further subdivided into P/S ratios of 0.3 and 1.
26
A 1-week prestudy dietary history was recorded and the subjects were placed on a stabilization diet for 3 weeks, followed by a 6-week experimental period. The diets and the menus were similar to those used in Studies 1 and 2 (table 3). Body weights changed only slightly. 
Blood Pressure
In this experiment, the subjects were selected on the basis of their blood pressures, i.e., normal to slightly elevated. For systolic pressure, the value was considerably higher at zero time than at Weeks 1, 2, and 3 during the stabilization period ( fig. 3 ). Throughout the experimental period and regardless of diet, the systolic blood pressure was lower (p < 0.04) for the P/S 1 than for the P/S 0.3 diet.
Generally the diastolic pressures for the four groups of subjects showed similar separation of data throughout the experimental period and were lower (p < 0.003) for P/S 1 than for P/S 0.3 diets. Diastolic blood pressure decreased progressively during the stabilization period. We cannot explain this decrease, or the decrease in systolic pressure noted earlier, but suggest that possibly the stabilization diet, with a P/S ratio of 0.3 and 43% fat-calories, probably contained more PUFA than the prestudy diets of the subjects. In any case, diastolic pressure continued to fall during the experimental period for those subjects on the P/S 1 diets but not for those on the P/S 0.3 diets.
Study 4
A pilot epidemiological study was carried out in Canino, Italy, Nurmijarvi, Finland, and Beltsville, Maryland, USA. 19 From each area, data were collected on farmers 40 to 50 years of age. For 7 days all food was weighed or measured and the diet composition was calculated (table 4) . Local dietitians went into the homes of each subject and worked with the families to determine the food intake. Random daily food samples were also collected and analyzed. 
Diet Composition
The fat content of the diet was lowest in Italy at 32% fat-calories and highest in the USA at 40%. The level of dietary saturated fatty acids was highest for the Finns and lowest for the Italians. The level of dietary linoleic acid was lowest in Finland and highest in Beltsville, Maryland. The P/S ratio was lowest, 0.16, in Nurmijarvi and about the same, 0.25 and 0.28, in Canino and Beltsville, respectively. Alcohol intake differed markedly among the three regions. The Italians consumed 14% of their energy intake as alcohol, primarily as wine; Finns and Americans consumed only about 1% of their energy intake as alcohol.
Blood Pressure
Blood pressure, both systolic and diastolic, was significantly higher for the Finns than for either the Italians or Americans (table 5) . In some ways, the data resembled those from the nutrition Studies 1, 2, and 3. The Finns, who consumed a diet high in saturated fat with a very low P/S ratio, had high blood pressures. The Italian and USA farmers, however, had normal blood pressures as might have been expected because of the higher P/S ratios of their diets.
Study S
This study, conducted in the community of Liperi in North Karelia, Finland, consisted of two 6-week periods. 27 Prior to the intervention period, a 7-day dietary history was taken for each subject, and energy intake determined. During the intervention period all subjects consumed a low fat, high P/S ratio diet (table 6). During the recovery period all subjects consumed their usual diet which contained 38% to 40% of energy as fat and a P/S ratio of about 0.15. The subjects were weighed twice a week throughout the study and were instructed to eat sufficient calories to maintain body weight. Body weights did not change significantly during the study.
Diet Composition
The foods eaten during the intervention period were commonly available to the people of North Karelia, Finland, and were intended to be typical of this area. However, the high fat-containing foods such as milk, cheese, meat, and sausages were replaced with similar items containing less fat, while margarines and oils prepared from sunflower seeds were substituted for butter and cooking oil to increase the P/S ratio of the diet.
Blood Pressure
For males, females, and all subjects, systolic blood pressure declined significantly when the last two readings of the intervention period were compared to all data obtained in the control period (p < 0.0004) (fig.  4 ). There was a significant increase in systolic and diastolic pressure when the last two values of the recovery period were compared to the last two values of the intervention period for males, females, and all subjects (p < 0.0001). The data obtained for diastolic blood pressure were also significantly different when comparing the last two values of the control period with the last two values of the intervention period for males, females, and all subjects (p < 0.036). The data obtained for blood pressure for this dietary intervention study were similar to those obtained in the second experimental nutrition study.
Discussion
The experiments described show that high P/S ratio diets significantly reduce blood pressure in human subjects. This reduction in blood pressure was reversed when subjects returned to low P/S ratio diets. Studies in support of these findings have been reported in humans 28 and animals.
2930
In view of the effect of body weight on blood pressure, i.e., increased body weight leads to increased blood pressure, 31 -32 body weights were maintained relatively constant. We can, therefore, rule out body weight as a factor affecting the changes observed in blood pressure.
Another factor reported to influence blood pressure is dietary sodium.'' 2 In our studies, no attempt was made to reduce dietary sodium intake. Depending upon the experiment, the intake of NaCl varied from 8 to 12 g per day. We arrived at the average level of salt intake for the studies at Beltsville from a calculation of NaCl intake for each subject based on the 7-day dietary history and by direct analysis of the sodium content of the composite diets at Liperi. We can conclude, therefore, that dietary NaCl was not a factor influencing 11QI II  II  II  II  II  II  II  II  II  II  II  II  II  II 
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blood pressure in these studies, while the higher level of dietary PUFA did have a beneficial effect on blood pressure regardless of the level of fat-calories present. In addition, a preliminary attempt to assess changes in urinary excretion of Na and K and total urinary volume in Study 2 suggested that these electrolytes were excreted in higher amounts during the high P/S ratio feeding period. 33 The first epidemiological evidence linking dietary linoleic acid intake to urinary Na excretion has been published. 34 These authors demonstrated a significant positive correlation between the two factors. However, when the composition of linoleic acid in adipose tissue was measured, a negative relationship was seen with blood pressure.
A recent study 35 suggests that a low fat, high P/S ratio diet did not give a significant lowering of blood pressure in young healthy men and women. The general tendency was that the diet did lower blood pressure, but not significantly. As the author indicated, possible reasons for the lack of significance could be due to the small number of participants and also to the low or normal blood pressures of the young participants in the study. In our studies, all subjects were in the age group of 40 to 60 years, an age where blood pressure is generally higher.
Although no data were presented in this paper, the influence of dietary PUFA significantly decreased plasma cholesterol concentration and improved platelet aggregation indices 25 in addition to their beneficial effects on blood pressure.
We considered possible explanations for the reduction in systolic and diastolic blood pressure observed in these studies. Dietary linoleic acid may be converted to arachidonic acid and then to prostaglandins (PGs) at faster rates when a higher level of linoleic acid is fed. This might result in higher levels of arachidonic acid and PGs in the tissues of the subjects who consumed the P/S 1 diets compared to the subjects on the lower P/S ratio diets. However, we have no direct evidence to support this concept.
The biochemical transformation of tissue linoleic acid to arachidonic acid to glycerolphospholipids and back to arachidonic acid and PGs has been described 14 -36 -37 ( fig. 5 ), but there is still much to learn about the overall metabolism of these intermediates.
For example -what is the rate that linoleic acid converts to arachidonic acid and what factors control the rate of release of arachidonic acid from glycerolphospholipids in any given nutritional state? What are the turnover rates of various PGs in tissues? If we assume that the levels of PGs that act beneficially on blood pressure in response to diet control blood pressure, we must evaluate these PGs. From a nutritional point of view, we must evaluate dietary linoleic acid in relation to tissue arachidonic acid and the PGs that promote the beneficial effects on blood pressure.
The transformation of arachidonic acid into various PGs must be considered in light of the overall reaction sequences in the formation of the PGs (fig. 6 ). On the one hand is the formation of thromboxane and its end products 38 and on the other, the formation of prostacyclin and its end products 39 as well as the biosynthesis of other major PGs such as PGE,, PGE 2 , PGF, (t , and PGD 2 . A recent review by McGiff and Quilley 40 on the role of PGs in the excretion of sodium from the kidney further elucidates these concepts.
Thromboxane, which has been shown to be the most potent aggregator of platelets and to constrict smooth muscle, 38 and prostacyclin, a potent inhibitor of platelet aggregation and a vasodilating agent that reverses the activity of thromboxane, 39 are both formed from linoleic acid. It is reasonable to suggest from the foregoing that dietary linoleate influences the levels and shifts the balance of PGs in tissue, which in turn beneficially influences blood pressure.
From the data reported here it is evident that a great deal more work is required to confirm these findings and to explain the role of nutrition in reducing blood pressure. 
